Musicians face numerous psychosocial and physical demands at work resulting in high prevalence of musculoskeletal problems. Unlike physical risks, little is known about psychosocial work factors influencing such health problems in this particular group. OBJECTIVE: The paper aimed to identify psychosocial work demands resulting in musculoskeletal problems among musicians. METHODS: A systematic review was undertaken to find data linking psychosocial work demands or stress with musculoskeletal disorders among musicians. RESULTS: The exploration of databases resulted in nine research studies linking psychosocial aspects of work or stress with musculoskeletal problems among musicians. The analyzed studies linked psychosocial aspects with musculoskeletal problems in three ways -showing proportions of people indicating particular causes of pain, indicating correlations between these variables or performing regression analysis showing psychosocial predictors of musculoskeletal pain. CONCLUSIONS: Only a few studies have undertaken the issue of psychosocial risk factors for musculoskeletal problems among musicians. The results revealed that some psychosocial aspects of work, e.g. long hours at work, work content, high job demands, low control/influence, lack of social support, were related to musculoskeletal pain, however, the methods and results were inconsistent. The extant studies employed variety of definitions of psychosocial aspects that hindered the possibility for consistent conclusions. Basing on those conclusions, future directions were offered.
Introduction
Musicians experience specific work demands that result in a growing amount of occupational diseases [1] . Performing Arts Medicine specialists postulate that full understanding of work strain and health consequences among performers can succeed only when physical, personal and social contexts of their work are considered [1] . Why should researchers address this particular occupational group? Firstly, musicians confront high physical demands at work -repetitive movements, high arms abduction angles, forced, unnatural, asymmetrical body postures [2] etc. Secondly, they face numerous psychosocial demands that can possibly become sources of their stress -public exposure and the risk of being judged (resulting in performance anxiety), rivalry, mistakes impossible to correct when playing live, the need to practice systematically, remember the notes and concentrate for long hours, little influence on the general perception of the music played with the orchestra/band [3] [4] [5] Lastly, Playing-Related Musculoskeletal Disorders (PRMD) are exceedingly common among musicians. Because physical demands and their impact on musicians' health have already been investigated [2, 6, 7] , the following paper was aimed at identifying psychosocial work demands possibly resulting in or exacerbating PRMD symptoms among musicians. Understanding the psychosocial determinants of musicians' musculoskeletal disorders could prevent them from pain and the decrease in working ability or premature end of their careers.
Musicians' work demands
Coordinating body work and bright mind constitutes a basic working tool for musicians. The job requires high physical demands coinciding with high psychological demands what exposes musicians to greater stress and increases the risk of musculoskeletal disorders. Moreover, unlike in most occupations, here the immediate symptoms of stresstrembling hands, lips or legs, excessive perspiration, hot flashes, shortness of breath, impaired concentration and memory -directly exacerbate the ability to perform their work what becomes a source of additional stress. Physical strain plays an inevitable role in the musicians' work. Sometimes, introducing ergonomic improvements to the workplace protects workers against work-related pain, yet, considering musicians, it is usually impossible as this physical workload is what constitutes playing the instrument [2] . Even providing they might be changed, it could influence the technique and affect the quality of performance [1] . Thus, although musicians experience PRMD very often, its prevalence cannot be decreased with simple reducing the physical demands of their work. Moreover, musicians need to organize their work and learning process, remember and recall the notes (especially difficult under pressure), concentrate for long hours of rehearsals and concerts [8] . They are also constantly exposed to assessment, need to manage their emotions and deal with stress effectively [3] . They usually start their playing careers early in their childhood and until they commence their professional careers, they could have already played for years and starting that early, they learn the necessity to practice systematically, sometimes devoting their private lives to music [9] . Then, the potential need to change the job results in the lack of alternatives [9, 10] . Thus, also the risk of injury that could exacerbate their ability to play or even terminate their careers can be a source of stress.
Playing-Related Musculoskeletal Problems
Playing-Related Musculoskeletal Disorders (PRMD) refer to 'any pain, weakness, numbness, tingling or other symptoms that interfere with the ability to play your instrument at the level you are accustomed' [11, p.93] . Musculoskeletal symptoms range from minor pain, burning or muscle tiredness up to serious disorders and chronic, severe pain debilitating the capability to play [10] [11] [12] . Such health problems are precariously common among musicians. Kaufman-Cohen and Ratzon [4] argue that the majority of musicians experience musculoskeletal problems at least once in their lives. Indeed, earlier studies indicate that musculoskeletal disorders occur among 38 up to 89% of musicians [4, [12] [13] [14] [15] .
Impact of physical demands on the development of musculoskeletal diseases has already been extensively investigated [16, 17] . Playing instruments involves repeating the same movements, bearing the instrument weight for long hours, remaining in asymmetrical body postures, dealing with technical demands of an instrument or a particular piece of music causing specific stress to hands and fingers [6, 7] . A constant spine pressure typical for musician's body postures can be to five times higher than that of an average person [2] . Such postures are often forced and non-physiologic and they result in overloads of lumbar and cervical spine, possibly leading to degenerative-productive changes and severe pain [2] .
However, musculoskeletal disorders can also result from or be exacerbated due to psychosocial burden and stress, what has already been documented by a lot of research conducted on various occupational groups [18] [19] [20] [21] . Notably, musicians themselves consider their work as demanding and stressful. For instance, in a Danish study, the authors compared the perception of the work demands between musicians and the general work force in Denmark, using a database developed by means of the Copenhagen Psychosocial Questionnaire [3] . It occurred, that both female and male musicians assessed their own work as more emotionally and cognitively demanding than other workers assessed theirs [3] .
Psychosocial aspects, stress and musculoskeletal problems -theory
Extant literature provides a few explanatory models that justify searching for the relationships between psychosocial aspects of work or stress and musculoskeletal problems.
The model frequently referred to in studies on psychosocial determinants of musculoskeletal problems is Demand-Control model by Karasek. The author stated that high work demands combined with low decision possibility lead to negative health outcomes affecting either physical or psychological aspects [22] . The model has been recognized as explanatory as regards work-related musculoskeletal pain -in their systematic reviews, Bongers, Ijmker, van den Heuvel and Blatter [17] and Bongers, Kremer and ter Laak [23] revealed that most of the analyzed high-quality studies confirmed the relationship between high work demands and musculoskeletal disorders (as regards those concerning upper extremities). Also low control and low support influenced the occurrence of pain, however, those relationships were weaker [23] . Cross-sectional character of the analyzed studies constituted a limitation of the conclusions. However, in their second review [17] those authors reviewed twenty-four longitudinal researches and concluded that although there was an association between musculoskeletal pain and high work demands and/or low control, the effects were rather small. Some of the analyzed studies indicated work demands and some indicated decision latitude as a stronger predictor of neck and upper limb problems [17] . Such conclusions correspond to the findings of De Lange et al. [24] -basing on 19 studies they found only few researches to confirm the impact of that model variables on the health-related issues (stress, burnout, job/life satisfaction, physical illness). Bongers et al. [17] explain such results with the fact that the categories of demands-control-support variables studied so far are too broad and linked with each other what makes it difficult to verify their impact on health.
In the literature there are also a few other explanatory models for the relationship between psychosocial aspects or stress and musculoskeletal problems. Siegrist's model indicates the discrepancy between the effort put in the work and the reward achieved as its result as a cause of workrelated stress [25] . However, in their review, Koch, Schablon, Latza & Nienhaus [26] identified studies linking effort-reward imbalance model with musculoskeletal pain and provided only moderate support for the hypothesized relation between the studied variables. Armstrong et al. [27] , in turn, assumed that musculoskeletal pain occurs when high work demands strain the organism causing physical or mental load what leads to certain physiological or psychological responses. When the strain exceeds the person's capacity, then muscles, nerves or tendons may get injured what results in pain [27] . This model does not directly refer to psychosocial aspects of work -the author mentions them among external aspects of work constituting the worker's exposure and suggests further research [27] . Yet, in her model, Roman-Liu [28] assumes that direct impact occurs when a person's musculoskeletal system is exposed to physical demands of his or her work or psychosocial demands. Indirectly, the demands (doses) additionally burden the individual's mental system what increases the musculoskeletal strain [28] . A similar distinction to direct and indirect impact of psychosocial aspects occurred in a model developed by Bongers et al. [16, 17, 23] . Unlike the previous models, this was designed on the basis of the systematic literature reviews including researches concerning this issue. On such grounds, those authors assumed that psychosocial aspects of work affect musculoskeletal pain -due to their impact on the body posture, or physical effort required to perform a task and on the other hand, due to a direct influence of work-related stress and physiological reactions being its result [23] . Moreover, due to stress, an individual may perceive his or her working environment (including its psychosocial aspects) and already experienced musculoskeletal as more troublesome and threatening [23] . Another model, called biopsychosocial, assumes that increased muscle tension or endocrine reactions may result from physical (biomechanical strain) and psychological stressors, considering not only a possible overload but also underload [29] . Workstyle construct developed by Feuerstein, Huang and Pransky [30] , in turn, combines beliefs, behaviors and physiological reactions that emerge as a response to work demands -considered as psychosocial and physical risks. What distinguishes that model is the assumption that attempts to cope with high work demands may occur additionally demanding-an individual given too short deadline, works even longer, takes breaks less frequently and put more effort to perform the task [31] . Such approach may be of particular significance to understand the origins of musculoskeletal pain in musicians because playing and performing despite health problems is particularly common among them [13] . Each of these models could be used as a theoretical background also in the studies involving musicians. However, so far researchers have paid only little attention to the issue of the contribution of psychosocial aspects in the development of musculoskeletal disorders among musicians. Therefore, the following review was aimed at identifying research undertaking the issue of the relationships between psychosocial aspects of work, stress and musculoskeletal problems among musicians and summing up the achieved results and theoretical explanations. The primary goal was to assess the contribution of psychosocial aspects in the development of musculoskeletal problems among the representatives of this occupation.
Method
A systematic review was undertaken to identify studies linking psychosocial aspects of work with the risk of musculoskeletal problems among musicians. The author explored EBSCO, Web of Science, PubMed and Scopus databases to find papers written in English and with no time limitations (additional criterion available only in EBSCO: articles published in peer-reviewed journals). Searched keywords included: musculoskeletal/pain/strain/upper extremity/shoulder AND psychosocial/stress/workplace AND musician in different combinations. The searched items were supposed to occur in abstracts (EBSCO, Scopus), in a topic (Web of Science, there is no option to search the abstracts) or in a title or abstract (PubMed). The exact duplicates were excluded from further analyses. Then the abstracts of the articles were screened in search for papers describing:
1. original quantitative studies; 2. studies involving psychosocial aspects of work/work-related stress or musculoskeletal problems, 3. studies on musicians.
Then, the full content of the papers was analyzed in search for articles describing studies linking both, any psychosocial aspects of work or stress with any musculoskeletal problems. All studies that revolved around the topic were included, without restrictions to any theoretical background, neither as regards psychosocial issues nor musculoskeletal problems. This was due to a small total amount of research undertaking that issue among musicians.
Results
The exploration of the databases resulted in 361 records and having removed the exact duplicates and screened the abstracts, there were 39 records available for further reading (Fig. 1) .
Full texts analysis resulted in nine papers linking psychosocial aspects or stress with musculoskeletal disorders among musicians. The results and conclusions are presented below.
All but one analyzed studies were cross-sectional. With such searching terms no longitudinal studies linking psychosocial aspects with musculoskeletal problems were found. The studies included from 20 to 281 musicians-professional musicians or university or high school music students. Usually the studies involved classical musicians, however one research aimed to diversify the sample and included also jazz, rock and other genres musicians [35] . All studies focused on instrumentalists as the most vulnerable to musculoskeletal problems, neither vocalists nor music theory specialists were included. The studies were conducted in Canada, Australia, Sweden, Brazil, the United Kingdom or Israel. All but one paper [11] provided information on the instruments played by the respondents: one study involved only flautists [32] , in other studies string players usually comprised the biggest studied group (from 18 to 66% of the studied sample), followed by woodwind and brass players. Keyboard or percussion players were less common. This resulted from the similar distribution of players in music universities as well as in orchestras. Mean age of the studied musicians equaled from 23 to 44 years old. Three papers did not provide response rates [4, 32, 37] , the other response rates equaled from 45 to 97%.
The only theoretical model explaining the influence of psychosocial aspects on musculoskeletal problems that researchers referred to was Karasek and Theorell including job demands, control and social control and it occurred in four out of nine analyzed studies [4, 12, 34, 37] . The analyzed studies investigated also generic stress or work and study stress [11, 36] as well as musicians-specific playing-related factors distinguished by the authors themselves such as travel strains, rivalry, lack of practice time, lack of creative satisfaction, job insecurity, performance anxiety, work content [12, 33, 35] . The variables were measured with a variety of methods including Karasek and Theorell questionnaire, Visual Analogue Scale for stress, Generic Job Stress Questionnaire or questionnaires developed by the authors, adapted to musicians' work demands.
Musculoskeletal problems were generally referred to as pain, discomfort, tingling, swelling, weakness, loss of control, pins or needles or numbness in different body areas. The researchers usually asked for the PRMD occurrence within the 12 months preceding the study. Musculoskeletal problems were mainly measured with the use of Standardized Nordic Musculoskeletal Questionnaire, and with Visual Analogue Scale for pain, McGill Pain Questionnaire and sometimes with the questionnaires developed by the authors.
From 68 to 95% of the studied musicians suffered from pain or discomfort. The most affected body areas included upper back (41-42% of the studied musicians suffered from pain within this area), neck (13-56%), wrists, hands or fingers (8-65%), shoulders (7-65%), lumbar spine (7-56%) and thoracic spine (7-11%).
The analyzed studies linked psychosocial aspects with musculoskeletal problems in three waysshowing proportions of people indicating particular causes of pain, indicating correlations between these variables or performing regression analysis showing psychosocial predictors of musculoskeletal pain. Considering the perceived psychosocial causes of PRMD, the studied flautists (N = 20) indicated long hours spent at work (65%), performance anxiety (45%), travels (25%) or inadequate equipment (15-20%) [32] . Music students (N = 227) considered musical activity (49% males and 53% females) but also stress as the reasons for their pain (21% males and 47% females) [34] . Similarly, 59% of the studied musicians considered long hours spent at work and 35% of them stress as the reasons of their playingrelated pain [35] . Also in a study by Kaneko et al. [36] 26% of the studied musicians indicated stress as the source of their musculoskeletal problems.
Considering different work-related variables investigated in the analyzed studies, pain correlated significantly with work content (r = -0.21, p < 0.01) and influence at work (r = -0.15, p < 0.05) [33] , stress affecting performance quality (only p value provided, p = 0.01) [36] and psychosocial job stressors (job demands, control and social support counted together: r = 0.35, p < 0.01) [4] . Table 1 Characteristics of the analyzed studies including study and sample characteristics, response rates, definitions and measurement methods for psychosocial aspects and musculoskeletal pain and analyses used to link these two types of variables Regression analyses revealed that work and study stress as well as generic life stress predicted the first incidence (OR = 1.66, 95% CI 1.15 to 2.40 and OR = 1.51, 95% CI 1.06 to 2.15 respectively) as well as recurrent PRMDs (OR = 1.41, 95% CI 1.10 to 1.81 and OR = 1.25, 95% CI 1.00 to 1.58 respectively) [11] . Also performance anxiety occurred a significant predictor, and it increased the probability of the recurrent PRMD only by 9% (95% CI 1.00 to 1.18) [11] . In another study playing-related stress resulting from performance anxiety, short deadlines, rivalry, lack of artistic satisfaction, job insecurity or touring and working late at night (counted together) correlated with pain or symptoms ever (␤ = 0.19, p = 0.04) and within the 12 months preceding the study (␤ = 0.20, p = 0.05). Also stress interaction with lack of warm-ups or breaks correlated significantly with pain severity (␤ = 0.27, p = 0.01) [35] . Only one study showed significant correlations in regression models for job demands, control and social support -low control correlated with neck pain among men (p < 0.05), low support related with neck pain among women (p < 0.05) and knee pain among men (p < 0.05), higher demands correlated with more body areas affected with musculoskeletal problems among men (p < 0.03, p values provided as cited by the authors) [34] . Two studies revealed no significant psychosocial predictors of pain [4, 12] .
Discussion
The above systematic review shows that there are only a few researches undertaking the issue of relationships between psychosocial work aspects, stress and musculoskeletal disorders among musicians. The variety of definitions and methods used to assess psychosocial aspects does not allow for direct comparison of the results. The variable consistently occurring as a significant correlate or predictor of pain was stress -either playing-related or general life stress. Yet, considering particular psychosocial aspects of work, mainly general work demandscontrol stressors correlated with or predicted PRMD. More diverse and job-specific causes of pain occurred when researchers directly asked musicians about their perception of reasons for pain (for example, they mentioned long hours at work, performance anxiety, inadequate equipment) but no further analyses were performed to confirm that result. Moreover, DemandControl model was the only theoretical approach considered in the studies. The literature review of studies referring to the impact of high demands and low control on musculoskeletal problems among other occupational groups revealed that relationships between those variables were of weak to moderate strength and some studies indicated control and some -demands as more related to such health problems [23] . The authors of that review also pointed that demand-control categories were too broad to determine their impact on health precisely. The more, those categories might be insufficiently specific as regards musicians' work. However, there are some studies identifying various other, far more precise, sources of stress in musicians' work. In a Danish study [3] on 342 orchestral musicians, the researchers distinguished various psychosocial aspects of musicians' work and identified those that were perceived as stressful. The authors found that the higher work demands (emotional demands or the need to manage emotions), worse work organization and its content (such as less possibilities to develop), poorer relationships and leadership (smaller sense of community) increased the intensity of all types of stress. There, stress was rated with the use of emotional, cognitive and somatic symptoms of stress providing comprehensive picture of psychosocial work aspects-stress relationships. Another study, on American orchestra musicians, revealed that musicians experienced two types of work-related stress resulting from different psychosocial demands -firstly, psychological distress resulting from lack of artistic integrity and difficult tasks undertaken at work and secondly, boredom stress resulting from "underload", social tension but also lack of artistic integrity [5] . Thus, the future research on the impact of psychosocial risks should include the moderating power of stress, because the occurrence of psychosocial work demand does not necessarily mean that a person meeting such demand feels stressed or will experience any negative health consequences as its result. Defining psychosocial aspects as well as distinguishing those constituting sources of stress is of crucial importance. Unluckily, the categories of psychosocial aspects of work used in the above studies have not been used to investigate the relations between psychosocial work demands and musculoskeletal problems.
Conclusion
The above considerations lead to a conclusion that musculoskeletal problems may result from a variety of work-related reasons, including psychosocial aspects of work and stress and the exposition of musicians to high physical and psychosocial demands makes them vulnerable to experience of pain. In the above paper, the author discussed psychosocial aspects of musicians' work and their relations with musculoskeletal disorders. It occurred that there are only a few studies that have undertaken the issue of psychosocial risk factors for musculoskeletal problems among musicians.
The extant literature provides evidence that musicians suffer from work-related musculoskeletal problems, they experience high work demands involving physical and mental strain and those work demands result in stress. However, the research including psychosocial risks of musculoskeletal pain among musicians is still scarce and provides inconsistent results. Usually high psychosocial work aspects co-occurred with musculoskeletal problems, yet, they were not always identified as risk factors. What still needs to be investigated is the extent to which physical and psychosocial work demands contribute to the development of musculoskeletal problems. Especially longitudinal research could show what role they play in rehabilitation process. Such knowledge would be of value to design preventive programmes, particularly considering that large amount of physical demands can be hardly reduced as regards musicians' work, for instance repetitive movements, prolonged remaining in one body posture, carrying the instrument could be hard or impossible to change.
Moreover, further research should define psychosocial aspects of work more precisely, focusing on those that directly apply to musicians' working reality. Referring to such broad categories as demand-control poses a question of their suitability for practical implications. Research by Parasuraman and Purohit [5] or Holst et al. [3] provided such work demands typically occurring in musicians' work such as the need to manage emotions (hide stress symptoms but stay sensitive to music) [3] , or sense of lack of artistic integrity [5] . The categories distinguished in those studies may serve as a starting point for further investigation of possible sources of playing-related stress. Furthermore, the extant research leaves much room for doubts whether musicians perceive their work as physically and psychologically demanding and stressful. It is possible that musicians perceive some work demands as an inevitable part of their work and because music is often assumed to be their passion, they do not find them stressful nor burdensome. Therefore, the perception of stress could mediate the relationship between work demands and musculoskeletal problems. Similarly, mental fatigue resulting from performing cognitively demanding tasks (such as the need for prolonged concentration or vigilance, typical for performing musicians) has already been confirmed to deteriorate the physical capacity and endurance [38] . Future studies should include such variable to verify whether high work demands themselves or the perception of them decide about negative health outcomes.
Previous literature offers a wide range of theoretical models explaining the relationships between psychosocial aspects of work or stress and health, or particularly -musculoskeletal problems. However, the analyzed studies referred only to Karasek's model, still providing inconsistent results. Thus, future research might use other theoretical models as background to their study. What could particularly refer to musicians is the role of household demands [29] that could additionally burden their musculoskeletal and mental systems, especially given their non-stable working hours. Also the assumption that attempts to deal with high work demands may also constitute another source of strain may apply to musician's situation. Literature provides evidence that musicians tend to work without breaks or despite feeling pain [13] . Moreover, the variety of definitions employed to explain psychosocial aspects of work in the analyzed studies and models do not allow for simple comparisons and unambiguous conclusions. The categories used to describe psychosocial issues seem to be too broad and not specific enough [31] to capture the unique characteristics of sources of strain at musicians' work. For instance, increasing 'control' (as in demands-control model) as a mean to reduce e.g. orchestral musicians' stress seems unrealistic -there is hardly a chance for musicians to decide about the repertoire, technique, interpretation, working hours or even co-workers. Moreover, following Bongers's et al. suggestion, there is a need to investigate the interactions of the physical and psychosocial risks for musculoskeletal problems and the role of psychosocial aspects of work in maintenance and deterioration of musculoskeletal symptoms since those aspects have not been included neither in theoretical models nor empirical researches yet [17] . In musicians it may be of particular significance because even minor problems with health, let alone longlasting health problems or rehabilitation process, may definitely terminate their careers. Above all, some of the models have not been empirically verified yet, so the relations are not clear even as regards general working population. What is also worth considering is the role of capacity (as mentioned by Armstrong et al. [27] ) or coping with stress and demands in particular. Researchers undertaking the issue of musicians' work demands underline the need to include coping into models explaining the reasons for musicians' health problems [3, 5] . Previous research considering psychosocial risks of musculoskeletal problems did not include coping strategies and abilities. Situationadjusted and effective coping repertoire can reduce stress and as a result, reduce the negative impact of work demands on health outcomes. Thus, coping strategies should also be included in the future studies undertaking the issue. Such knowledge would constitute a value for health specialists to understand the specific strain put on musicians and to find a suitable way of treatment that would not exclude musicians from playing. It would also sensitize musicians to the possible consequences of struggling with specific needs and demands of their work because as the previous analyses revealed they tend to avoid consulting physicians, ignore symptoms and play despite the ailments, or neglect the role of breaks and rest while practicing [13] .
The above review has its limitation. All the terms were searched in English and also the analyzed papers were expected to be written in English. This was due to the assumption that English is the most universal language and such search would result in the greatest amount of records. Nevertheless, this might have resulted in omitting some valuable results published in other languages.
Summing up, the previous studies confirm the multifactorial origin of musculoskeletal disorders, and only a few researchers have undertaken this issue and investigated it among musicians. Such result is surprising considering the high prevalence rate of such health problems in this occupational group. Identifying those psychosocial work demands that increase the risk of PRMD -either directly or indirectly via stress mechanisms -may occur crucial to protect musicians' health. It seems that correcting the psychosocial work context or developing the skills to cope with it would facilitate musicians' working life.
